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METHOD AND APPARATUS FOR MONITORING ENERGY STORAGE DEVICES 

Field of the Invention 

The field of the invention relates generally to energy storage devices, and more 
5 particularly, to energy storage devices used in an Uninterruptible Power Supply (UPS) 
system. 

Background 

There are numerous types of Uninterruptible Power Supply (UPS) systems for 

10 supplying backup alternating current (AC) or direct current (DC) power to electrical loads. 
These UPS systems generally use batteries or types of other energy storage devices that 
supply such power when a main power supply (e.g., line power) is not available. For 
example, backup power is provided when power from an AC source performs outside 
acceptable limits or fails altogether. 

15 These UPS systems generally use multiple energy storage devices configured in 

parallel or in series to provide backup power. In such systems, it is important to be able to 
accurately estimate the remaining time period that the UPS system can supply backup power. 
Conventionally, UPS systems connected to energy storage devices estimate the time 
remaining by modeling each of the many devices in the system, and performing a calculation 

20 that estimates the time remaining. For instance, the UPS system generally models devices 
such as batteries based on what types of batteries are installed in the UPS system. The 
different types of batteries are identified using a number of methods. One way of identifying 
battery types includes manually (e.g., by a system administrator) identifying each battery 
type, and program the battery type into the time remaining calculation using an interface of 

25 the UPS. 

In another instance, a resistor is included within each battery, the resistor having a 
resistance value that is correlated with a particular type of battery. The UPS is configured to 
measure the resistance of the resistor in the battery and therefore identify the type of battery 
installed within the UPS system. However, with each new type of battery type provided, a 
30 new resistor value is required to uniquely identify the new type of battery, and therefore the 
UPS system needs to recognize the new resistance and battery type. Because of this method, 
a very limited number of different battery types can be supported by a particular UPS. What 
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is needed is a more flexible and accurate way of recognizing and modeling batteries to 
estimate time remaining in a UPS system. 

Also, because batteries fail from time to time, either from overuse (e.g., charging and 
discharging cycles) or being exposed to other conditions (e.g., an over-temperature condition) 
5 that cause the batteries to be incapable of storing energy, it is beneficial to monitor batteries 
by the UPS system to identify failed batteries that might affect the performance of the UPS 
system. Several conventional systems monitor such parameters as battery temperature, float 
voltage, etc. for each battery, and provide alarms indicating that a particular battery has 
failed. In such systems, such monitoring is provided by either a monitoring subsystem 
10 installed in each battery or a monitor of the UPS allocated to each battery module. 

Summary 

Various aspects of the present invention relate to improved methods and apparatuses 
for monitoring batteries, particularly in UPS systems. There are many disadvantages of 

15 current battery monitoring technologies currently used in UPS systems. In particular, 
dedicated monitor circuits allocated to each battery are generally expensive and include 
complex circuits that serve as another point of failure in the UPS system. One type of 
conventional battery monitoring system is shown and described in U.S. Patent Number 
6,274,950 by Gottleib et al. that describes such a UPS system having monitors integrated 

20 within each battery module. In UPS systems wherein the monitor is not included within the 
battery module, when the battery module is removed from the UPS system, there is no 
performance information retained with the battery itself. Because data is not retained with 
the battery, it is more difficult to troubleshoot problems with failed batteries. Further, 
inadequate battery modules may then be erroneously installed in the problem UPS or other 

25 UPS system. 

Monitor circuits that are a part of the battery module are either traditionally very 
simple, and do not provide adequate monitoring capability or are very complex and also 
prove to be another point of failure in the system. For example, in one such system, only the 
current temperature output voltage and current indications are provided under certain 
30 conditions. For example, temperature readings are provided only when a switch is operated 
in a sensor of the battery module and is monitored by the UPS system. Also, more complex 
monitoring circuits inside the battery include many parts that are subject to failure, and 
increase the cost of the batteries and overall UPS system. Conventional monitoring circuits 
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that are installed in a battery use battery power when running and when in storage. It would 
be beneficial to have a battery monitoring circuit that does not drain batteries when in storage 
or during normal operating period of the UPS system. 

There is also a need for an inexpensive battery monitor circuit. However, a monitor is 
5 desired that provides increased monitoring capabilities. It is a challenge to provide a cost- 
effective monitoring of the battery while increasing monitoring functionality. According to 
one aspect of the present invention, a battery monitor is provided that allows higher-level 
monitor functions to be performed yet minimizes costs of monitoring battery components. 
Further, there is a need for a battery monitor that stores data in a persistent manner 

10 beyond a storage period without draining the battery in the module. In one embodiment, the 
battery monitor includes a nonvolatile memory that stores information associated with the 
battery. In another embodiment, the battery is capable of reporting manufacturing data such 
as serial number, manufacturing date, etc. that can be used for troubleshooting and 
management of the UPS system (e.g., identifying faulty batteries to ensure that they are not 

15 reintroduced elsewhere within the system, used for inventory control and management). In 
another embodiment, the battery is capable of reporting characteristics of the battery to an 
attached UPS so that the battery may be modeled more accurately, and therefore, the UPS can 
more accurately predict the time remaining based on the model. 

According to another aspect of the invention, it is realized that it would be beneficial 

20 to include an interface that works both with existing batteries and a new battery monitor 
circuit without requiring additional interface connections. In one embodiment, the UPS is 
capable of interfacing with current batteries without monitoring capabilities and newer 
batteries with monitoring capability using the same electrical interface. In another 
embodiment, the interface is a single wire that is used typically to detect that a battery is 

25 present in the UPS system. When used with older-type batteries that use the interface for 
battery detection, the interface functions in a conventional manner. When a newer-type 
battery is installed, the UPS system and battery are capable of communicating data with each 
other over this interface. 

According to one aspect of the invention, a battery is provided having an apparatus 

30 for monitoring the battery. The battery comprises one or more cells that provide power to at 
least one output, and a monitor that is adapted to monitor and store performance information 
relating to the operation of the one or more cells, and which is adapted to communicate with 
an external system, and that is adapted to receive a monitor signal from an external system, 
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wherein the monitor is coupled to the one or more cells and is adapted to receive power for 
the monitor from the external system. According to one embodiment of the invention, the 
battery is in combination with an Uninterruptible Power Supply (UPS) system. According to 
another embodiment, the monitor is adapted to perform a reset if the received power is 
5 insufficient. 

According to another embodiment, the monitor includes an associated memory in 
which the monitor is adapted to store the performance information. According to another 
embodiment, the memory is a nonvolatile-type memory. According to another embodiment, 
the nonvolatile-type memory is an EEPROM. 

10 According to another embodiment, the monitor is adapted to communicate with the 

external system by interrupting current of received power provided by the external system. 
According to another embodiment, the monitor is adapted to receive a monitor signal from 
the external system and wherein the monitor is adapted to receive power from the external 
system via the monitor signal. 

15 According to another embodiment, the monitor is adapted to communicate in an 

asynchronous manner with the external system. According to another embodiment, a start of 
communication with the battery is initiated by the external system by interrupting the current 
of the power supply. According to another embodiment, the monitor is adapted to detect the 
start of communication, and is adapted to receive, after the start of communications is 

20 detected, a request message from the external system. According to another embodiment, the 
monitor is adapted to transmit a response message in response to the received request 
message. 

According to another embodiment, the monitor comprises an LC-type oscillator that 
provides clocking for the monitor. According to another embodiment, the monitor comprises 

25 a crystal oscillator that provides clocking for the monitor. 

According to another embodiment, the monitor is adapted to store manufacturing 
information relating to the battery. According to another embodiment, the manufacturing 
information includes a model type of the battery, and wherein the monitor is adapted to 
communicate the model type to the external system. According to another embodiment, the 

30 manufacturing information includes a serial number of the battery, and wherein the monitor is 
adapted to communicate the serial number to the external system. According to another 
embodiment, the manufacturing information includes rating information of the battery, and 
wherein the monitor is adapted to communicate the rating information to the external system. 
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According to another embodiment of the invention, the manufacturing information 
includes a manufacturing date of the battery, and wherein the monitor is adapted to 
communicate the manufacturing date to the external system. According to another 
embodiment of the invention, the manufacturing information includes one or more battery 
5 constants, and wherein the monitor is adapted to communicate the one or more battery 
constants to the external system. According to another embodiment, the manufacturing 
information includes one or more battery constants that relate to the battery's expected 
performance, and wherein the monitor is adapted to communicate the one or more battery 
constants to the external system. 

10 According to another embodiment, the battery further comprises a temperature sensor, 

and wherein the manufacturing information includes one or more constants relating to the 
temperature sensor, and wherein the monitor is adapted to communicate the one or more 
constants to the external system. According to another embodiment, the battery module 
contains a disconnect switch, a supplementary contact to sense the position of the disconnect 

15 switch and the ability to communicate the position to the external system. According to 

another embodiment, the battery further comprises a resistor used to detect current provided 
by the battery, and wherein the manufacturing information includes parameters related to the 
resistor, and wherein the monitor is adapted to communicate the parameters related to the 
resistor to the external system. According to another embodiment, the monitor is adapted to 

20 store performance information indicating performance of the battery. According to another 
embodiment, the monitor is adapted to store the performance information periodically. 

According to another embodiment, the performance information includes a count of 
the number of discharges of the battery, and wherein the monitor is adapted to communicate 
the number of discharges of the battery to the external system. According to another 

25 embodiment, the performance information includes a software identifier of the monitor, and 
wherein the monitor is adapted to communicate the software identifier of the monitor to the 
external system. According to another embodiment, the performance information includes a 
temperature of the battery, and wherein the monitor is adapted to communicate the 
temperature of the battery to the external system. According to another embodiment, the 

30 performance information includes an accumulated time that the battery is in a charge state, 
and wherein the monitor is adapted to communicate the accumulated time to the external 
system. According to another embodiment, the performance information includes an 
accumulated time that the battery is in a floating state, and wherein the monitor is adapted to 
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communicate the accumulated time to the external system. According to another 
embodiment, the performance information includes an accumulated time the battery is in a 
discharging state, and wherein the monitor is adapted to communicate the accumulated time 
to the external system. According to another embodiment, the performance information 
5 includes a maximum temperature experienced by the battery, and wherein the monitor is 
adapted to communicate the maximum temperature to the external system. 

According to one aspect of the invention, a method is provided for communicating 
with a battery module comprising acts of providing for a single-wire interface to the battery 
module, receiving, at the battery over the single-wire interface, a request for information from 

10 an external system, and transmitting, by the battery to the external system over the single- 
wire interface, a response to the request. According to another embodiment, the battery 
module receives power over the single-wire interface and wherein the act of transmitting 
comprises an act of transmitting data over the single- wire interface by interrupting current. 
According to another embodiment, the act of transmitting comprises an act of 

15 transmitting data asynchronously. According to another embodiment, the act of transmitting 
comprises an act of transmitting battery model type data to the external system. According to 
another embodiment, the act of transmitting comprises an act of transmitting serial number 
data to the external system. According to another embodiment, the act of transmitting 
comprises an act of transmitting rating information related to the battery to the external 

20 system. According to another embodiment, the act of transmitting comprises an act of 

transmitting manufacturing data to the external system. According to another embodiment, 
the act of transmitting comprises an act of transmitting a manufacturing date of the battery to 
the external system. According to another embodiment, the act of transmitting comprises an 
act of transmitting battery constant data to the external system. According to another 

25 embodiment, the act of transmitting comprises an act of transmitting temperature data to the 
external system. According to another embodiment, the act of transmitting comprises an act 
of transmitting data relating to a temperature sensor of the battery to the external system. 
According to another embodiment, the act of transmitting comprises an act of transmitting 
manufacturing data to the external system. 

30 According to another embodiment, the battery comprises a resistor used to detect 

current and wherein the act of transmitting comprises an act of transmitting one or more 
parameters that relate to the resistor to the external system. According to another 
embodiment, the act of transmitting comprises an act of transmitting a serial number of the 



battery to the external system. According to another embodiment, the battery includes a 
processor that executes software and wherein the act of transmitting comprises an act of 
transmitting a software identifier of the software to the external system. 

According to another embodiment, the act of transmitting comprises an act of 
transmitting battery type data that identifies a type of the battery to the external system. 
According to another embodiment, the method further comprises an act of storing 
performance data relating to the performance of the battery in a memory of the battery. 
According to another embodiment, the act of storing further comprises an act of storing the 
performance data in a nonvolatile memory associated with the battery. According to another 
embodiment, the external system is a UPS. According to another embodiment, the method 
further comprises an act of receiving, by a monitor circuit of the battery, power over the 
single-wire interface. According to another embodiment, the method further comprises an act 
of providing for communicating to the battery over a single-wire interface, the interface being 
used to provide power to a monitoring circuit of the battery. 

Further features and advantages of the present invention as well as the structure and 
operation of various embodiments of the present invention are described in detail below with 
reference to the accompanying drawings. In the drawings, like reference numerals indicate 
like or functionally similar elements. Additionally, the left-most one or two digits of a 
reference numeral identifies the drawing in which the reference numeral first appears. All 
references cited herein are expressly incorporated by reference. 

Brief Description of the Drawings 

This invention is pointed out with particularity in the appended claims. The above 
and further advantages of this invention may be better understood by referring to the 
following description when taken in conjunction with the accompanying drawings in which 
similar reference numbers indicate the same or similar elements. 

In the drawings, 

Figure 1 is a block diagram showing a system in which various embodiments of the 
invention may be practiced; 

Figure 2 is a block diagram showing a battery and monitor in accordance with one 
embodiment of the invention; 

Figure 3 is a block diagram showing a battery and monitor in accordance with another 
embodiment of the invention: 
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Figure 4 is a block diagram showing an external monitoring system in accordance 
with one embodiment of the invention; 

Figure 5 is a block diagram showing an external monitoring system in accordance 
with another embodiment of the invention; 
5 Figure 6 is a flow chart showing a process for monitoring batteries in accordance with 

one embodiment of the invention; 

Figure 7 is a chart showing data transmission between a battery and external 
monitoring system in accordance with one embodiment of the invention; 

Figure 8A is a block diagram of a request message in accordance with one 
10 embodiment of the invention; 

Figure 8B is a block diagram of a response message in accordance with one 
embodiment of the invention; 

Figure 9 is a diagram of a command message format and valid command byte values 
according to various embodiments of the invention; 
15 Figure 10 is a block diagram of an example communication in accordance with one 

embodiment of the invention; and 

Figure 1 1 is a block diagram of a conventional battery module with which UPS 
systems according to various embodiments may operate. 

20 Detailed Description 

Figure 1 shows a system 101 in which various embodiments of the invention may be 
practiced. For instance, system 101 may be a UPS system having a system monitor 102 and 
one or more batteries 103A-103B. System monitor 102 may perform monitoring of the 
overall UPS system 101, and may monitor the one or more batteries 103A-103B through a 

25 communication interface 104. Interface 104 may be any interface used to communicate data, 
however, various aspects of the invention as described in more detail below describe an 
improved battery monitor and associated communications interface for use in communication 
with a battery or other energy storage device of a UPS. 

UPS system 101 may be, for example, an AC- AC or AC-DC class UPS system. UPS 

30 systems and their circuitry are well-known in the art, and are available commercially from a 
number of companies including the American Power Conversion Corporation located in West 
Kingston, RI. System 101 may also include circuitry that, when system 101 detects a 
degradation or fault in power 1 05 being supplied to system 101, uses battery power to supply 
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the appropriate power output to the attached loads 106. Batteries 103A-103B may be, for 
example, 120V battery modules that include a number of separate cells arranged in series 
within each battery module (e.g., ten 12V cells arranged in series to form a 120V battery 
module). It should be appreciated that the invention is not limited to any particular UPS 
5 system, battery type, voltage, or configuration, but rather various aspects of the invention 
may be used with any type of UPS system and any battery. 

According to one aspect of the invention, an improved interface is provided for 
communicating between a UPS system and a battery. According to one aspect of the present 
invention, it is desirable to use the same electrical interface to conventional batteries for 

10 communicating data to improved batteries that have increased data storage, monitoring and 
communication capabilities. An advantage of using the same electrical interface includes 
backward compatibility with conventional batteries, and the UPS system is easily 
configurable with either improved or conventional batteries. However, with improved 
monitoring capabilities of improved batteries, the UPS becomes more accurate in estimating 

15 remaining battery time, and management of batteries is improved. 

A conventional method for monitoring battery operation is shown in Figure 1 1 . 
Battery 1101 includes one or more cells arranged in series to form a battery module having a 
positive terminal (+BATT 1 103) and a negative terminal (VMID 1 107). In a UPS coupled to 
battery 1 101, the presence of a battery 1 101 is determined by the UPS by applying an 

20 external voltage to a midpoint of the battery (battery presence signal 1 102). Current flowing 
through the battery is measured by sensing the voltage drop across a small value resistor R 2 
(item 1 108) at terminals I + (item 1 105) and I" (item 1 106). In a conventional UPS system, 
resistor R\ is mounted on a backplane of the UPS. Also, temperature of the battery is 
monitored by measuring the current provided by the battery presence signal 1 102. More 

25 particularly, a temperature sensitive resistance (switch thermostat TEMP 1 105) is placed in 
parallel with a known resistance Ri (item 1 104) (e.g., 100K ohms), and therefore the 
measured current may be used to measure the resistance of the thermostat and interpolate the 
current temperature value based on the measured resistance. The components used in battery 
1 101 (e.g., resistor R2) need to have carefully chosen values so that accurate measurements 

30 (e.g., current, temperature) can be made by an external system. Further, this conventional 
battery 1101 has no intelligence or circuit for storing operating data. 

An improved battery module 201 is shown in Figure 2. Battery module 201 (also 
referred to more simply as battery 201) includes one or more battery components 206A-206D 
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(collectively, item 206) that provide power to a UPS system (e.g., system 101). For instance, 
one or more battery modules (e.g., battery module 201) may be installed as a part of a UPS 
system to provide power to one or more loads. Battery 201 may be used in conjunction with 
any UPS system. For example, battery 201 may be used in conjunction with the UPS system 
5 described in U.S. Patent Application filed January 23, 2004, Attorney Docket No. 

A2000/7001 19, entitled "Methods and Apparatus for Providing Uninterruptible Power," 
incorporated by reference herein in its entirety. However, it should be appreciated that 
battery 201 and/or communication methods may be used with any type of UPS system, and 
the invention is not limited to any particular UPS type or system. 

10 Components 206A-206D may be individual cells arranged in a variety of 

configurations. In one embodiment, component 206 includes ten (10) batteries, each of 
which contain six (6) cells and produce 12V of DC power. These ten batteries are arranged 
electrically in a serial configuration to provide a total 120V output. Of course, it should be 
appreciated that various aspects of the invention may be performed in any other battery type, 

15 voltage or configuration, and the invention shall not be limited to any particular battery type, 
voltage or configuration. 

Management and monitoring of battery module 201 is performed by processor 
subsystem 205, which may be, for example, based on a PICmicro PIC16C72 microcontroller 
processor available from the Microchip Technology Corporation, Chandler, Arizona. 

20 However, it should be appreciated that any inexpensive processor (e.g., a microcontroller) 

may be used. Processor subsystem 205 executes code stored in a non- volatile memory, stores 
working variables in RAM memory and stores data values within a nonvolatile memory (e.g., 
an EEPROM). For example, the PICmicro PIC16C72 processor contains 2K words of 
EEPROM for program code and another 128 bytes of RAM memory. Also, 512 bytes of 

25 external electrically alterable EEPROM are used for persistent data storage. As discussed, 
this memory may be used for storing performance data and/or manufacturing data associated 
with battery 201 . According to one embodiment, processor 205 stores battery performance 
data in nonvolatile memory such that performance data is maintained with the battery as it is 
moved within the UPS or among other UPS systems. According to another embodiment, 

30 processor 205 is capable of reading manufacturing data from memory, and providing the data 
to an external system (e.g., a UPS system). This manufacturing data may be used by the 
external system identify and track battery 201, or perform measurements (e.g., -temperature, 
remaining time, etc.) on the battery in a more accurate manner. 
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Processor 205 includes one or more data input/output port(s), at least one of which is 
used to communicate data between the UPS system and processor 205. For instance, 
processor 205 includes an output serial port and an input serial port that is coupled to a 
communication circuit 204 which communicates the data to/from the UPS system. In one 
5 embodiment of the invention discussed below with particularity to Figure 6, data is 
communicated in an asynchronous manner between battery 201 and the UPS system. 

Battery 201 further includes a power regulator 203 that receives power from a 
communication circuit 204, and provides, in turn, regulated power for elements of battery 201 
including, for example, processor 205 and communication circuit 204. Significantly, power 

10 regulator 203 receives power from an external monitor through communication circuit 204, 
and therefore, monitoring functions performed on battery 201 do not consume battery power. 
In one embodiment, battery 201 also includes an interface 202 that is used in lieu of the 
battery presence connection to the UPS system (e.g., system 101) as is used in conventional 
batteries. All components in 201 may be referenced to system power return, VMID. 

15 Figure 3 shows another embodiment of a battery module 301 according to one 

embodiment of the invention. Battery module 301 is functionally similar to battery 201, and 
battery module 301 includes a number of components. Similar to battery 201, battery 
includes a number of battery elements that, when arranged, form a single power supply. In 
battery 201, battery components are 12V batteries arranged serially to form a 120V power 

20 supply. Battery module 301 includes, within a housing of the battery, a battery monitor 304 
that monitors battery performance. 

Monitor 304 accepts a power supply/monitoring interface 303 from a UPS system 
using return through VMID (which is the battery return) (e.g., system 101). Interface 303 
may be electrically similar to that of a conventional interface 1 102 as shown in Figure 1 1 as 

25 discussed above. More particularly, interface 303 is a 12V voltage and communication signal 
provided by the UPS system used to detect the presence and operating temperature of a 
battery module and other functions using VMID as return. In one embodiment, interface 303 
allows the communication of information between battery module 301 and a UPS system 
with which battery module 301 is associated. Battery module 301 includes a communication 

30 circuit 305 that receives the 12V power signal, and is capable of receiving and transmitting 
data over the same interface. In one embodiment, both data is received and transmitted to the 
UPS system over a single wire interface - the same single wire interface that provides power 
to the battery monitor 304, 
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Component power regulator 306 has enough capacitance to hold up voltage so that the 
5V regulator maintains the correct voltage on processor 309 to allow processor 309 to operate 
with the dropouts on the power supply/monitoring interface 303 when communication is in 
progress. The data transmission rate and message length may be adjusted to allow processor 
5 309 to receive and transmit data without losing power. The load of the processor 309 and rest 
of Battery Monitor 304 set the current on condition of the power supply/monitoring interface 
303. 

Monitor 304 may include a connection to the mid-point of battery cell components 
302. This mid-point may be the electric center of components 302, but it should be 

10 appreciated that other voltages can be monitored. This voltage signal is passed through a 
resistance Ri (item 3 1 3) to a transistor Ti (item 3 1 0). Ti is coupled to the power input of 
battery monitor 304 through resistor R 2 (item 311). When power is removed to 
communication circuit 305, power is removed from Ti, which opens, and therefore, there is 
no load on components 302 when battery module 301 does not receive power through 

15 interface 303 .That is, when battery module 301 is removed from its associated UPS (e.g., 
during a storage period), no load is present on the battery from monitor 304. 

Processor 309 is similar in function to processor 205 as discussed above with respect 
to Figure 2, and may include an associated memory 307. Memory 307 may be located within 
the same integrated circuit as processor 309, or may be a separate memory element. Also, 

20 memory 307 may be capable of storing data in a persistent way. In one embodiment, 

memory 307 is a nonvolatile memory that is capable of storing one or more performance data 
items and/or manufacturing data items associated with battery 301. In another embodiment, 
memory 307 may be an EEPROM. However, it should be appreciated that other types of 
memory may be used, and the invention is not limited to any particular memory type or 

25 configuration. 

Processor 309 communicates data to/from battery module 301 via a communication 
circuit 305. Circuit 305 receives one or more data outputs and provides one or more data 
inputs to processor 309. In one embodiment, circuit 305 receives a serial output (ASYNC 
OUT) from processor 309 and provides a serial input (ASYNC IN) to processor 309. In one 
30 embodiment, data is transmitted to the UPS system in an asynchronous manner. That is, 

there is no clock maintained between sender (battery) and receiver (UPS system) and data is 
not transmitted at a particular defined point, but rather messages are transmitted at any point 
in time, and timing (clock) is recovered from the received signal. 
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Generally, timing information is extracted from asynchronous messages by detecting 
start and stop bits that delimit each asynchronous message. In one embodiment, data is 
transmitted as 8 bit words using one start and stop bit. Although messages may be 
transmitted asynchronously, it should be appreciated that other communication methods may 
5 be used. 

Processor 309 also receives a clock signal from clock circuit 314, and clock circuit 
313 may include an RC oscillator to reduce cost. To operate in this manner, processor 305 
may recalibrate timing on every received command's start bit. Recalibration is possible, for 
example, if after receiving a start bit, a logical one must be received and is used as one baud 

10 period to decode the rest of the data as discussed further below with respect to Figure 7. 
Alternatively, a crystal oscillator may be used to provide clocking as is known in the art. 

Processor 309 receives inputs from one or more sensors 308 that provide indications 
relating to the performance of battery 301 . Sensors 308 may include, for example, a 
temperature sensor (e.g., a thermistor) to detect temperature within a housing of battery 301 . 

15 For instance, the thermistor may be placed in thermal contact with one or more portions of 
battery module 301 (e.g., one or more cells) to detect operating condition of the cell. Other 
sensors may be included within battery 301 . 

Battery module 301 may include a switch 315 used to disconnect the power from the 
UPS. Switch 315 includes a sense contact which is connected to monitor 304 and measured 

20 by the processor 309. R4 3 16 is connected to the output of the regulator 306 and functions as 
a pull-up resistor for the disconnect switch sense 315. 

The UPS system may, according to one embodiment of the present invention, include 
additional circuitry to communicate with the battery module (e.g., battery 201 ,301). Figure 4 
shows a monitor circuit 406 capable of communicating with an improved battery. In one 

25 embodiment of the present invention, monitor circuit communicates data by interrupting 

current to each battery in a pattern. In this manner, a monitor circuit (e.g., monitor 406) can 
use the same electrical interface as conventional batteries while being able to communicate 
information to/from improved batteries. 

More particularly, monitor 406 receives performance and/or manufacturing data from 

30 the battery over the standard interface. For instance, monitor 406 may receive the battery's 
serial number, manufacture date, the number of discharges, a current state of health, battery 
operating temperature, and other information from the battery over this interface. In this 
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and runtime of the battery using a single interface. Because, in one embodiment of the 
present invention, a single line is used to communicate to/from the battery, the number of 
connections to the battery is minimized. Performance information retrieved from the battery 
is then communicated to the UPS system processor which may be processor 401 as shown in 
5 Figure 4, or monitor 406 may be in turn coupled to another processor (e.g., an overall monitor 
processor associated with the UPS system). 

As shown in Figure 4, monitor 406 connects to each battery via a separate connection 
(interface 407A to N) each of which is used to receive and transmit information to/from each 
battery. Having a separate connection to each battery module 304 allows isolation of faults 

10 between modules. As discussed above with reference to Figure 3, the power 

supply/monitoring interface 303 is coupled the communication circuit 305 of each battery 
module 301 . Such an interface 303 of each battery module (e.g., batteries 405) may be 
coupled to interface 407A to N. In one embodiment, interface 407(A) may be a single wire 
from each battery module. 

15 As discussed, monitor 406 may be configured to monitor more than one battery 

module. In one embodiment, monitor 406 includes a processor 401 that monitors each of its 
attached batteries. Processor 401 sends one or more request messages to one or more 
batteries, and receives associated responses. Processor 401 includes an associated memory 
that is adapted to store data received from batteries (e.g., batteries 201, 301). Also, processor 

20 401 may be capable of performing advanced monitoring functions such as determining 
whether an alarm should be set based on a measured value of a battery, determining 
remaining time for a UPS power circuit based on the batteries configured for that circuit, etc. 
Further, processor 401 may be accessible to a system administrator via an operator console 
(not shown) or network management system (also not shown) to provide indications such as 

25 battery temperature, the number of discharges, historical information or other information 
relating to battery operation (e.g., the number of discharges, the maximum operating 
temperature, etc.) for troubleshooting and maintenance purposes. 

Processor 401 communicates with each battery module via a interface circuit 403 that 
receives requests from processor 401 and multiplexes requests to individual batteries 405 

30 over interface 407. Monitor 406 also uses interface circuit 403 that receives responses from 
batteries 405 and passes these responses onto processor 401 . According to one embodiment 
of the invention, communication is selected to only one battery at a time. In this 
embodiment, processor 401 sends a request for data (e.g., voltage, temperature, or other store 
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data) and waits for the corresponding battery to respond. After this response is received, the 
processor selects the next battery to be monitored. Such an example communication is 
shown and discussed below with respect to Figure 10. 

Figure 5 shows an embodiment of a interface circuit 501 according to one 
5 embodiment of the invention. Interface circuit 501 is one possible implementation of monitor 
401, and interface circuit 501 includes a number of components. More particularly, interface 
circuit 501 includes, for each battery, a battery signal circuit (item 520A, for example) that 
conditions the output signal to the battery as well as conditioning the received response 
signals. Circuit 520A receives an input signal from the battery modules (e.g., interface 508) 

10 and in one embodiment, communicates information to the battery modules using the same 
interface. In another embodiment, data is communicated back and forth to/from the battery 
modules over a single wire. 

Interface circuit 501 provides data to the processor via ASYNC IN line 505 and 
provides data to the battery modules via ASYNC OUT line 506. The ASYNC IN circuit of 

15 the battery module includes a transistor that is responsive to the voltage drop when the 

current is interrupted by the monitor circuit being driven by ASYNC OUT from processor 
401 . That is, when the monitor circuit transmits data, the current provided on the 12V supply 
drops to substantially zero current. When the current drops, the processor of the battery 
detects a logical "1", and when the current is present, the processor detects a logical "0". The 

20 ASYNC OUT circuit directs power into interface 508 whenever ASYNC OUT from the 
processor 401 is low or open (which is the state of the processor 401 when the processor is 
unpowered or reset). 

Interface circuit 501 senses the state of current flowing in interface 508 by measuring 
the voltage across R2 513 by setting current flow condition = "1" by turning on transistor T2 
25 509 which applies voltage on R5 5 1 6 which is a voltage greater than REF into comparator 

504 which sets a "1" on ASYNC IN 505 going into processor 401 . Then the current is 
interrupted either by the communication circuit 305 by disconnecting load off battery 
monitor 304 (e.g., all load) when ASYNC OUT is set to "0" by processor 309 or when T2 
51 1 is open. The current is interrupted turning off transistor T2 509 which drops voltage on 

30 R5 516 which is a voltage less than REF into comparator 504 which sets a "0" on ASYNC IN 

505 going into processor 401. 

Interface circuit 501 drives the state of current in Interface 508 by processor 401 
driving ASYNC OUT to "0" which turns off transistor T3 510 which in turn turns off T2 51 1 
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setting the current off which is a "0" on Interface 508. In battery module 301, 
communication circuit 305 detects the drop in voltage and drives ASYNC OUT into 
processor 309 to "0" state. Interface 508 is set to "0" state by the processor 401 driving 
ASYNC OUT to "0" which turns on transistor T3 510 which in turn turns on T2 51 1 setting 
5 the current on which is a "0" on Interface 508. In the battery module 301 communication 
circuit 305 detect the full voltage and drives ASYNC OUT into processor 309 to "1" state. 

According to one embodiment, interface circuit 501 also includes multiple battery 
signal A to N each one of which is connected to an interface 508 each one of which is 
connected to power supply/monitoring interface 303 of a Battery Module 301 . Each of the 

10 T2 509 from battery signal circuits 520 is connected to one of the inputs of the analog 

multiplexer 502 and any of the inputs are selected by processor 401 to connect to comparator^ 
504, which reads data coming from the selected battery module 301. Each of the T3 510 
from battery signal circuits 520 is connected to one of the outputs of the digital demultiplexer 
503 and any of the inputs are selected by processor 401 to connect to comparator 504, which 

15 drives data coming to the selected battery module 301 . 

Processor 309 includes a circuit to reset processor 309 when the voltage supplied to 
processor 309 (e.g., from power supply/monitoring interface 303) goes low or has not yet 
risen or a delay after the voltage comes into an operating range. 

A start bit (zero voltage) is detected as a low (as the time to be set as the transmission 

20 bit rate) followed by a high to allow the low to high transition to be the start bit which is the 
transmission bit rate of the following data. The transmission rates of communication circuits 
of the UPS (e.g., UARTS in the UPSs monitor or system processor) are fixed by the crystals 
which run these circuits (e.g., crystals associated with the microprocessors of the UPSs 
system module). Thus, the battery and UPS system may operate with different transmission 

25 rates and may be capable of communicating. 

The UPS system processor (or processors) may monitor the presence and status of 
specific battery modules separately, and information from each battery is collected and 
coordinated in the UPS system processor where the data is stored and used for alarms, time 
remaining calculations, inventory management functions or other functions. The UPS system 

30 processor communicates with the battery modules by monitoring and interrupting current to 
the battery module. In one embodiment, each battery module receives a command from the 
UPS processor, and in response, provides a response to the command. According to one 
embodiment, either the monitor or UPS system monitor may include circuitry to particular 
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batteries from communicating with the UPS over the single- wire interface, so that a 
communication fault in a particular battery does not affect monitoring of any other battery. 

Figure 6 shows a process 600 for monitoring batteries in accordance with one 
embodiment of the invention. In particular, a monitor (e.g., monitors 406) of the UPS is 
5 capable of requesting and maintaining performance information relating to one or more 
batteries (e.g., batteries 405). At block 601, process 600 begins. At block 602, a monitor 
(e.g., monitor 406) sends a request to a currently selected battery. For instance, the battery 
may be selected by a multiplexer circuit (e.g., multiplexer 403 or analog multiplexer 502). 
The request may be in the form of a request message (e.g., a packet) as discussed below with 

10 reference to Figure 8 A. 

At block 603, the selected battery receives and processes the request and in turn, 
generates a response. This response may also be in the form of a message which is 
transmitted to the monitor. One form of a response message is discussed below with respect 
to Figure 8B. At block 604, the monitor proceeds to the next battery being observed by the 

15 monitor. 

As discussed above, data may be read periodically from each battery. However, some 
data may be read at different times (e.g., when the UPS system is powered up or when a new 
battery is installed). For example, history data may be read during a power up period or 
when a new battery module is installed, and thereafter the history data can be synchronized 

20 on a regular basis. Therefore, data may be read from the battery either as a regular update 
that recurs at some frequency, or data may be polled from the battery depending on the state 
of the UPS system or function being performed by the UPS system. 

As discussed above, data may be transmitted asynchronously between a battery and 
an associated monitor circuit or UPS system processor. Figure 7 shows an example format of 

25 the data transmission conducted between the battery and an external monitoring system in 

accordance with one embodiment of the invention. Chart 700 shows how current can be used 
to communicate information over a single wire interface between a battery and a UPS. In 
chart 700, data transmission starts at time to when either the battery or the UPS system 
transitions the current to zero (a logical "1") indicating the start of the transmission. In one 

30 embodiment of the invention, a logical "1" is transmitted, when the current drops to 0, and a 
logical "1" is detected by a receiver of the data that monitors the current flow. For example, 
according to the waveforms shown in Chart 700, an 8-bit data word of "1 1001 101" is 

V*. M.AA«_»A1AA HVM J U11V1 11UIV1 J UVJjVtOimi V C*A A WA A V 11V T » . J. V W, 111V OJU11U1 J11U V l^V 
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asynchronous in that clocking is obtained by extracting it from the start bit or bits included in 
the data word. 

As discussed, data may be transmitted in the form of two byte words that are 
formatted into a request message and/or a response message. Figure 8 A shows an example 
5 format of a request message according to one embodiment of the invention. As shown, 
request message 801 includes a command portion 802 and a parameter portion 803. In 
another embodiment (not shown), request message 801 includes an error checking 
information for use in error checking (and/or correcting) the transmitted data words. In one 
embodiment of the invention, portions 802 and 803 may each be one byte in length. 
10 In general, command 802 indicates the command to be executed by the battery. For 

example, there may be associated commands for writing, selecting, and reading particular 
operating data and/or manufacturing data associated with a battery module. In one 
embodiment of the invention, acceptable commands are listed in Figure 9 as described further 
below. 

15 Figure 8B shows an example format of a response message according to one 

embodiment of the invention. As shown, response message 804 includes a parameter portion 
805 and a parameter portion 806. In one embodiment of the invention, portions 805 and 806 
may each be one byte in length. According to one embodiment of the invention, acceptable 
responses to commands are listed in table I as further described below. As discussed, 

20 parameter 805 may include information identifying the command type being responded to, 
and parameter 806 may include data (e.g., manufacturing and/or performance data) provided 
in response from the battery. 

Figure 9 shows an example command message format that may be used in a request 
message (e.g., request message 801) according to one embodiment of the invention. In one 

25 embodiment, a command 901 includes a command portion 902, battery address portion 903 
and an end bit (e.g., a bit having a value of logical "1"). As discussed, commands may 
include a reset command that resets battery communication, a write memory command that 
causes an identified battery to write to a memory location, a read memory command, a read 
temperature command, a read voltage command, a read code revision command, or any other 

30 performance and/or manufacturing parameter. 

Command portion 902 may include a number of valid command identifiers that 
instruct the battery to perform various commands as discussed above and as listed in table 
904. Battery address 903 may, in one embodiment, include three bits that identify eight (2 3 ) 
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different batteries. This allows, for example, the UPS system and/or monitor to write to a 
memory of a particular battery identified by address 903. Some commands, such as the 
"READ" type commands shown in table 904 may be sent to all batteries and replied to by all 
batteries. 



5 



Operations 


Corresponding Response Packet [Byte 1] [Byte 2] 
[xxxxxxxx][xxxxxxxx] 


Memory Management 




SELECT ADDRESS 


[0 0 0 ag 0 0 1 1 ] [a? a6 as a4 a3 a2 ai ao] 


READ CURRENT 
ADDRESS 


[000001 1 1 ] [d 7 d6 d 5 d,d 3 d 2 d, do] 


WRITE CURRENT 
ADDRESS 


[00000101] [d 7 d 6 d5d4d 3 d2d, do] 


Request for Monitored 
Parameters 




SEND BATTERY 
VOLTAGE 


[00001011] [d 7 d 6 d5d 4 d 3 d 2 d, do] 


SEND 

TEMPERATURE 


[00001001] [d 7 d 6 d5d 4 d3d2d, do] 


Request Other Information 




SEND FIRMWARE 
REV. 


[00001101] [d^dsd^djdzd, do] 


Reserved for Debug and 
Factory 




SEND MEASURED BIT 
WIDTH 


[Bit Width Low Byte] [Bit Width High Byte] 



Table I 

As shown above in Table I, a corresponding response message (e.g., message 804) 
can have a number of formats depending on the command to which the response message 

10 applies. As shown in Figure 8B, a response message 804 may include parameter 805 and 

parameter 806 each of which may be one byte in length. In one embodiment of the invention, 
the first byte identifies the command type to which the response message 804 applies, and the 
second byte (parameter 806) corresponds to the data in response to the command. For 
example, when the command is a read command for a particular address, voltage, 

15 temperature, or other data, parameter 806 of the response message includes the data 
associated with the parameter being read. 

As discussed, data stored in the battery may relate to performance information 
relating to battery operation or manufacturing data associated with the battery. Performance 
information stored may include historical data which is data that is maintained during 
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discharge, recharge and floating periods of the battery. Performance information may also 
include trend data which presents a profile of a battery's health over time. The batteries may 
also store manufacturing data which is data that is stored during the manufacturing process of 
the battery. 

5 As discussed above, data may be stored in a nonvolatile memory of an associated 

battery module. According to one embodiment of the invention, manufacturing data and/or 
other constant data is stored in nonvolatile memory of the battery. Manufacturing and other 
constant data may be stored in the memory of the battery in the example format as shown in 
Table II below. The example format includes 80 bytes of data and 2 bytes of checksum data 

10 as shown below: 
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Location - 
Byte# 


Name 


Format 


Description 


0-3 


Shunt Resistance 


Floating Point 


Calibrated resistance of current 
shunt 


4-7 


Max Whr 


32 bit Integer 


WHr rating of this battery module 


8-9 


Max Pwr 


16 bit Integer 


Maximum power this module can 
supply. 


10-13 


AWhrA 


Floating Point 


Battery constant 


14-17 


AWhrB 


Floating Point 


Battery constant 


18-21 


AWhrC 


Floating Point 


Battery constant 


22-25 


BVSVO 


Floating Point 


Battery constant 


26-29 


BVSV1 


Floating Point 


Battery constant 


30-33 


BVSV2 


Floating Point 


Battery constant 


34-37 


BVK1 


Floating Point 


Battery constant 


38-41 


BVK2 


Floating Point 


Battery constant 


42 


TmpMConst 


8 bit integer 


Slope correction factor for 
thermistor 


43 


TmpBConst 


8 bit integer 


Offset correction factor for 
thermistor 


44-59 


Serial Number 


ASCII String 


Battery Module serial number 


60-71 


Model Number 


ASCII String 


Battery Module number 


72-79 


Mfg Date 


ASCII String 


Date of manufacture of battery 
module 


80-81 


Checksum 


16 bit Integer 


Checksum for bytes 0 thru 79 



Table II 

As is shown above in Table II, the battery may store a calibrated resistance of the 
current shunt resistance. Because the resistance value may be stored in memory versus 
requiring a specific resistance value for each battery, less accuracy is required in selecting 
shunt resistors for each battery. That is, the UPS system can read the shunt resistance and 
adjust its measurements based on the specific battery type accordingly. 

Further, the battery may store ratings of the battery such that they may be read by a 
UPS system and therefore automatically included in the UPSs time remaining calculation 
without operator intervention or additional programming steps. Further, because rating 
information can be stored in a number of different types of batteries having different rating 
information, the UPS system can therefore work with many different types of batteries having 
different ratings and still perform the remaining time calculation without operator 
intervention. Further, the battery may store battery constants that relate to the expected 
performance of the battery which can be used to estimate battery capacity. Conventional 
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systems generally make assumptions that estimate the performance of each battery. To 
provide a more accurate calculation of time remaining in, battery performance may be 
measured more accurately during manufacturing and stored in memory of the battery and this 
stored information may be used to more accurately predict batteries performance in the field. 
5 Constant information may also include information that relates to one or more sensors 

(e.g., a thermistor) that perform measurements within the battery. In conventional batteries, 
components need to be accurately selected so as the UPS may perform identical functions on 
every possible battery that may be installed in the UPS system. By storing particular values 
associated with sensors of the battery, a UPS may read this information and perform more 

10 accurate measurements as a result. 

As discussed above, other manufacturing data may be included for tracking purposes, 
inventory control, or troubleshooting. For example, the serial number of the battery may be 
stored in battery memory, and therefore this value can be read by a UPS system using the 
various communication methods described above. Therefore, a particular battery may be 

15 tracked within different UPSs (e.g., through a network management station that 

communicates with each UPS, for example) to identify batteries as they are installed in one or 
more UPS systems. 

Further, other manufacturing data like model number is useful for tracking particular 
models within each UPS. Further, the UPS system may be programmed to perform 

20 differently with certain models versus other models of batteries. A date of manufacture of the 
battery module may also be stored which is significant when determining when to replace 
batteries within the system (for example, batteries may be rated for a particular age and 
therefore older batteries may need to be replaced sooner than more recently-manufactured 
batteries). The example data format may also include a checksum or other error correction 

25 information that verifies the integrity of the data. 

Historical data may also be stored in memory of the battery module. According to 
one embodiment of the invention, historical performance data may be stored in nonvolatile 
memory. Table III below shows an example format of historical data that is stored in the 
memory of a battery module. 

30 Historical data is statistical data relating to battery operation that the UPS maintains 

over time, and may be updated periodically. For example, historical data may be updated 
every 2 minutes during discharge of a particular battery module, every 15 minutes during a 
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recharge period and every 12 hours while the battery is floating. The example format in 
Table III includes 20 bytes of data and two bytes of checksum data as shown below: 



Location — 
Byte# 


Name 


Format 


Descrintion 


100-101 


DayUpdated 


16 bit Integer 


Day index when history last 
updated 


102 


Discharges 


8 bit Integer 


Count of complete discharges 


103 


CalFactor 


8 bit Integer 


% health of battery. 


104-105 


Absolute WHr 


16 Integer 


State of charge of the battery 


106-109 


Time Charging 


32 bit Integer 


Accumulated time charging (Sees) 


110-113 


Time Floating 


32 bit Integer 


Accumulated time floating (Sees) 


114-117 


Time Discharging 


32 bit Integer 


Accumulated time discharging 
(Sees) 


118 


Max Temperature 


8 bit Integer 


Maximum temperature measured by 
battery module 


119 


Unused 


8 bit Integer 


Reserved 


120-121 


Checksum 


16 bit Integer 


Checksum of bytes 100 thru 1 19 



5 Table III 



As is shown above in Table III, the battery may store historical performance 
information such as the number of complete discharges experienced by the battery. The 
number of discharges may be indicative of the use of the battery, and this number may 

10 indicate when the particular battery should be replaced. For instance, batteries may be rated 
for a certain number of discharge cycles, and therefore a more recently manufactured battery 
having a greater number of discharges should be replaced prior to an older battery 
experiencing less discharge cycles. The battery may also include a determination on its own 
health, and therefore may store in memory an evaluation of its health which can be obtained 

15 by the UPS system and used to determine whether or not the battery should be used, replaced, 
or isolated from the UPS system. 

The current state of the charge of the battery may also be stored in battery memory. 
This information may be used in association with information obtained from other batteries to 
determine the amount of time remaining on the UPS system. 

20 The battery may store other historical data that may indicate the historical use of the 

battery. For instance, a time charging parameter may be used to track the accumulated time 
in which the battery was charged (e.g., the total number of seconds in which the battery 
remained in the charging state). Further, a time floating parameter may be used to record the 
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accumulated time that the battery remained in a floating state. Also, the battery may track the 
time that the battery remained in a discharging state. Significantly, performance parameters 
are stored and retained with the battery, and therefore travel with the battery as the battery 
moves between UPS systems. 

The battery may also maintain a maximum temperature parameter that records the 
maximum temperature experienced by the battery module. Significantly, this temperature 
parameter is maintained with the battery, and therefore is persistent if the battery is moved to 
another UPS system. The example data format as shown in Table III may also include 
checksum or other error correction that verifies the integrity of the data. 

Trend data includes data that defines a profile of the battery's health over time. The 
data is periodically stored, creating a snapshot periodically during battery operation. For 
example, a snapshot is recorded every 2 weeks when the battery is installed and operating. In 
one embodiment, the battery stores the last 50 readings (2 years worth of data) in a circular 
buffer of the battery. By reviewing the trend data, a gross profile of the battery module's life 
can be obtained. In one embodiment, 250 bytes of data (5 bytes time 50 sets of readings) is 
stored. 

In the example shown below in Table IV, each set contains the following data: 



Byte# 


Name 


Format 


Description 


0-1 


Week Indentifier 


1 6 bit Integer 


Identifies a week when this set of 
data was stored. 


2 


# Discharges 


8 bit Integer 


Snapshot of discharge counter 


3 


CalFactor 


8 bit Integer 


Snapshot of % health of battery. 


4 


Max Temperature 


8 bit Integer 


Snapshot of Max temperature 
measured by battery 



Table IV 



As shown above in Table IV, certain data may be stored that is indicative of a 
battery's health over time. For instance, data such as the number of discharges of the battery, 
the percentage of health of the battery as measured by the battery, and the maximum 
temperature experienced by the battery. For these parameters, it may be useful to see their 
values over time, and therefore these values may be stored at particular intervals (e.g., 
weekly) in non-volatile memory. 
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In one embodiment of the present invention, sets of the data format shown above in 
Table IV are stored as shown below in Table V: 



J3yte# 


Name 


Format 


Description 


199 


Next Set Pointer 


8 bit Integer 


Identifies start of circular buffer 


200-204 


Set 1 


5 byte set 


First set 


205-209 


Set 2 


5 byte set 


Second set 










445-449 


Set 50 


5 byte set 


Last set 



5 Table V 

In the example data sets shown above in Table V, the battery stores 50 weekly 
readings (approximately two year's worth of data) in a circular buffer of the battery. As is 
shown above in Table V, the memory includes a pointer that identifies a starting point of the 
circular buffer. The buffer includes one or more sets (e.g., 50 sets) that are stored weekly in 
10 memory for one or more parameters. Although the data sets shown above may be stored 
weekly, any period may be used, and the invention is not limited to any particular period. 
Further, other parameters may be trended and the invention is not limited to the particular 
parameters discussed above with reference to Table IV, or the number of data sets shown 
above in Table V. 

15 According to one embodiment of the present invention, the monitor issues a request to 

each battery module and receives a response in an asynchronous manner. The UPS system 
processor is capable of requesting information on a periodic or as needed basis to each 
battery module, depending on the necessary function being performed by the UPS system 
processor. 

20 Figure 10 shows a diagram of a communication sequence according to one 

embodiment of the invention. As discussed above with reference to Figure 3, there is a 
power/communication line connection that couples the monitor (or UPS system processor) to 
the midpoint of each battery module. This connection provides return voltage from the 
midpoint of each battery module that may be used to monitor each module. Power (e.g., 

25 + 12V) is supplied to the battery module which is in turn used to power the monitor circuit of 
the battery. Both the battery monitor and external monitor sense current flow as a logic 1 and 
interrupted current as a logic 0, resulting in a half duplex protocol. 

Both the battery module and external monitor can interrupt the current flow to create a 
start bit and a following ASYNC communication byte. In one embodiment, the external 
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monitor initiates communications and the battery module monitors the power supply line for 
an input starting pulse. Data may be then communicated serially using binary ASYNC 
communication. Other types of communication may be used. In one embodiment, data is 
transmitted at 2400 Baud, 1 start bit, 8 bit no parity, 1 stop bit, half duplex with the external 
5 monitor acting as a master by initiating all communication. 

Figure 10 shows a communication between a monitor processor (e.g., processor 309 
or a UPS system processor) and a battery. In one embodiment, the processor sends a 
command packet 1 (item 1001) to a first battery and after a time T 3 , the battery responds with 
a response packet 1 (item 1002). As shown in more detail in Figure 10, the command packet 

10 1 (1001) includes a transmission of two bytes of data limited by start and stop bits. A first 
byte 1005 is transmitted, and at some time T 2 later a second byte 1006 is transmitted to the 
battery. The two-byte command packet may be a request packet as discussed above with 
reference to Figure 8A. 

After a time T 3 , the battery responds with response packet 1 (item 1002) that includes 

15 2 bytes of information). More particularly, the battery responds with a first byte 1 007 

followed by a second byte 1008 at time T 5 later. In one embodiment, bytes 1 (1007) and byte 
2 (1008) are delimited by start and stop bits. 

As shown in Figure 10, the external monitor sends a two-byte command and data set 
to the battery module, and the battery module responds with a two-byte format, echoing the 

20 command and including the requested data. In one embodiment, the master processor 
(external monitor) sends a control byte and a data byte to the slave processor (battery 
monitor) to read data or memory data from all battery monitors. The master processor can 
also send command and data to send data to be stored in the nonvolatile memory storage in 
the battery monitor circuit. Temperature and center voltage of the string of the battery 

25 monitor can be read and used by the UPS system (either the monitor processor or UPS system 
processor) to indicate faults or potential faults. As discussed, the nonvolatile memory storage 
in the battery monitor circuit may be used to store and retrieve constants that are associated 
with that battery module, such as, for example, serial number, current flow history, constants 
for battery runtime algorithm, calibration of sense resistor, battery condition (such as a 

30 shorted cell, for instance), and other parameters. 

In Table VI below, are listed some example periods that may be used for transmitting 
messages according to one embodiment of the invention. For example, T\ defines the baud 
rate at which data is transmitted from the monitor processor to the battery. Time period T2 
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defines a time between the transmission of byte 1 and byte 2 from the monitor processor to 
the battery. Period T3 defines the time between the monitor processor command packet and 
the response packet transmitted by the battery module. Period T 4 describes the transmission 
rate of the battery module. Period T 5 defines the time between the transmission of byte 1 and 
byte 2 from the battery module to the monitor processor. Period T 6 defines the time between 
the end of the response packet transmitted by the battery module and a new command packet 
subsequently issued by the monitor processor. The period T PRO c defines a packet length of 
the command packet issued by the monitor processor. Tb defines the battery module packet 
length set from the battery to the monitor processor. 



Time 


Description 


Minimum 


Nominal 


Maximum 


T, 


Monitor processor baud 
rate period 




416.67 lis 




T 2 


Time between monitor 
processor (MP) Bytel and 
Byte2 








T 3 


Time between monitor 
processor command packet 
and battery module 
response packet 


2 ms 




6 ms 


T 4 


Battery module baud rate 
period 


-0.5% 




+0.5% 


T 5 


Time between battery 
module Bytel and Byte2 


1.5 ms 




5.5 ms 


T 6 


Time between battery 
module response packet 
and new command packet 








Tproc 


Monitor processor packet 
length = (16+4)*T1 + T2 








T B 


Battery module packet 
length = (16+4)*T4 + T5 









Table VI 



It should be appreciated that the timing requirements identified above are only 
examples, and that other timings (e.g., transmission rate, response times, etc.) may be used. 
The invention is not limited to the timing parameters outlined above. 

The above-described embodiments of the present invention can be implemented in 
any of numerous ways. For example, the above-discussed functionality for monitoring 
energy storage devices can be implemented using hardware, software or a combination 
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thereof. When implemented in software, the software code can be executed on any suitable 
processor. It should further be appreciated that any single component or collection of 
multiple components of the computer system that perform the functions described above can 
be generically considered as one or more controllers that control the above-discussed 
5 functions. The one or more controllers can be implemented in numerous ways, such as with 
dedicated hardware, or using a processor that is programmed using microcode or software to 
perform the functions recited above. 

In this respect, it should be appreciated that one implementation of the embodiments 
of the present invention comprises at least one computer-readable medium (e.g., a computer 

10 memory, a floppy disk, a compact disk, a tape, etc.) encoded with a computer program (i.e., a 
plurality of instructions), which, when executed on a processor, performs the above-discussed 
functions of the embodiments of the present invention. The computer-readable medium can 
be transportable such that the program stored thereon can be loaded onto any computer 
system resource to implement the aspects of the present invention discussed herein. In 

15 addition, it should be appreciated that the reference to a computer program which, when 
executed, performs the above-discussed functions, is not limited to an application program 
running on the host computer. Rather, the term computer program is used herein in a generic 
sense to reference any type of computer code (e.g., software or microcode) that can be 
employed to program a processor to implement the above-discussed aspects of the present 

20 invention. 

Having now described some illustrative embodiments of the invention, it should be 
apparent to those skilled in the art that the foregoing is merely illustrative and not limiting, 
having been presented by way of example only. Numerous modifications and other 
illustrative embodiments are within the scope of one of ordinary skill in the art and are 

25 contemplated as falling within the scope of the invention. In particular, although many of the 
examples presented herein involve specific combinations of method acts or system elements, 
it should be understood that those acts and those elements may be combined in other ways to 
accomplish the same objectives. Acts, elements and features discussed only in connection 
with one embodiment are not intended to be excluded from a similar role in other 

30 embodiments. Further, for the one or more means-plus-function limitations recited in the 
following claims, the means are not intended to be limited to the means disclosed herein for 
performing the recited function, but are intended to cover in scope any means, known now or 
later developed, for performing the recited function. 
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Use of ordinal terms such as "first", "second", " third", etc., in the claims to modify a 
claim element or the order of such elements do not by itself connote any priority, precedence, 
or order of one claim element over another or the temporal order in which acts of a method 
are performed, but are used merely as labels to distinguish one claim element having a certain 
5 name from another element having a same name (but for use of the ordinal term) to 
distinguish the claim elements. 

What is claimed is: 



